Role of iron (II)-2-oxoglutarate-dependent dioxygenases in the generation of hypoxia-induced phosphatidic acid through HIF-1/2 and von Hippel-Lindau-independent mechanisms.
Hypoxia-inducible factors (HIF-1/HIF-2) govern the expression of critical genes for cellular adaptation to low oxygen tensions. We have previously reported that the intracellular level of phosphatidic acid (PA) rises in response to hypoxia (1% O(2)). In this report, we have explored whether components of the canonical HIF/von Hippel-Lindau (VHL) pathway are involved in the induction of PA. We found that hypoxia induces PA in a cell line constitutively expressing a stable version of HIF-1alpha. PA induction was also found in HIF-1alpha- and 2alpha-negative CHO Ka13 cells, as well as in HIF-beta-negative HepaC4 cells. These data indicate that HIF activity is neither sufficient nor necessary for oxygen-dependent PA accumulation. PA generation was also detected in cells deficient for the tumor suppressor VHL, indicating that the presence of VHL was not required for the induction of PA. Here we show that PA accumulation also occurs at moderate hypoxia (5% O(2)), although to a lesser extent to that seen at 1% O(2), revealing that PA is induced at the same hypoxia range required to activate HIF-1. Prolyl hydroxylases (PHD) and asparaginyl hydroxylase (FIH) belong to the iron (II) and 2-oxoglutarate-dependent dioxygenase family and have been proposed as oxygen sensors involved in the regulation of HIFs. Chemical inhibition of these activities by treatment with iron chelators or 2-oxoglutarate analogs also results in a marked PA accumulation similar to that observed in hypoxia. Together these data show that PA accumulation in response to hypoxia is both HIF-1/2- and VHL-independent and indicate a role of iron (II)-2-oxoglutarate-dependent dioxygenases in the oxygen-sensing mechanisms involved in hypoxia-driven phospholipid regulation.